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Abstract 
The article describes a compressor problem. The authors used a mathematical way to analyze a compressor and find its weakness. 
A practical way to increase the reliability for the investigated design has been recommended. 
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1. Introduction 
What does it mean “reliability”? It’s a very important property for all mechanical and other systems. For 
example, the definite mechanical object must work constantly during different temperature, velocity, loadings, 
transportation and keeping [1, 2, 8, 13, 14].  
There are many ways how to maintain our mechanical design in a good work state. In brief, they are the 
following ones. 
Projecting. During of this period any designer has to make such mechanism which will work perfectly well in the 
operation. For this aim he must develop the sketch, working drawings, do many calculations, construct graphs and 
check the object both in statics and in dynamics. For this purposes he applies special maths formulas and the 
possibilities of his personal computer. But from time to time he makes physical modeling in the definite scale to 
write down working parameters/characteristics. If the result is not good, he must correct his design: it may be the 
change of the applied material or he has to reserve some responsible parts.  
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Technology. This work must be done by a skilled technologist. It is common knowledge that there are many 
ways to manufacture parts. For example: by turning, riveting, covering the surface with chrome, copper and so on. 
Moreover he can apply laser, galvanization, heat treatment and so forth. In definite cases he can take special 
lubricant for pairs of friction to diminish coefficient of friction and wear. To test the result of such modernization 
they pass new materials in laboratory where there are different test benches and devices. Knowing points of 
statistical data the mathematical machining must be done. After that he must determine the distribution law and look 
the term of operation comparing it with the guarantee period. 
In all cases the inestimable help for designer and technologist conducts the estimator who writes formulas and 
calculates the results: forces, strains, moments, travels, velocity, accelerations and so on. 
What’s the problem? 
It is common knowledge that the typical method of calculation doesn’t estimate a lot  of essential factors for the 
petals valves of compressor (for example: different strains in valve petal, pressure of gas and so on).We managed to 
take them into account and elucidated the weak points/places in the design to strengthen them in future by new sizes. 
2. Theoretical method 
Now we consider one example of application of the analytical calculations, modeling and optimization for the 
load influence upon the petals valves of compressor to improve their reliability and durability during the operation. 
It is the main factor of this material represented in the article. 
Such petals valves are used in the high-rotation compressors and in the dilator piston machines which have got a 
slow capacity. They have rather simple design, low level of noise, high density in the closed position and a very 
small dead space. The last factor is especially important for the machines, which is the great level of compression.  
As the plate of a valve takes the considerable loads multiple times the plate of a valve is the most loaded part in 
the common design and namely it determines the reliability in real operation (Fig. 1). Numerous repeated loads 
provoke the accumulation of the irreversible mechanical changes in the material of the plate. It gives the fatigue and 
destruction of the plate. 
 
 
Fig. 1. The sketch of the valve petal 
To apply the theory of fatigue destruction to make the prognosis of reliability for the petals valves the strains 
have to be calculated in all sections of the locking plate which can appear during the operation and motion of this 
mechanical system [3-7, 9-12]. Our mathematical model takes into account the next factors: namely, special steel 
material for the plate, its width and sagging under the allocated load which can be determined (using the knowledge 
in the strength of materials) after some transformation: 
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Where y is the cross displacement for the all points of plate; E is the modulus of the elastic limit for our material. 
The load which influences the plate includes two factors as a sum total: 
influences the plate includes  two factors as a sum total: 
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Where ȝ is the density of the plate material. 
The density of loads appears as the additional factor from the influence of the gas flow: 
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Here: ȡ is density of gas; Fc is the area of section for the outlet of the valve; F* is the affective area for closed 
plate; P(x,t) is the average pressure of gas which is flowing in the valve canal along the plate; P0(t) is the pressure of 
gas on the opposite side of the plate at the moment of time t. 
The speed u of the incoming gas flow to the plate can be calculated by the following equation of continuity of gas 
flow:  
( ) ( )ɋ ɉ ɉu t F n ɋ t F    , 
Where )(tɋɉ  is the velocity of movement for the compressor piston; Fɉ-is the area of the piston; n is the 
number of valves on the position of suction or the force pipe for the level of compressor. 
Using expressions (2) and (3) and add them into a formula (1) we’ll get the differential equation to represent the 
oscillation of the plate for the petal of valve:  
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To know the definite displacement in any moment of time we may apply the  formula (4), where P(x,t) is the 
average pressure along the width of the plate.  
This pressure can be calculated from the equation offered by Euler and it will be the truth to the none-stationary 
movement for the uncompressed liquid [9, 10]: 
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Here: ),( tzu  is the speed of flow for gas under the plate of the valve in the direction along the normal of section 
of the outlet  to the periphery; it equals to the pressure of gas on the edge of the petal.   
Knowing the cross displacement for the all points of plate it’s easy to calculate the moment which bends it in 
each section [11, 12]. But using the expression 
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we can find the quantity of the normal strain in each section at any moment of time; W  is it is the moment of  the 
strength for the plate against to the bend. 
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Moreover we worked out the numerical method and used personal computer to do the analysis of working of the 
petal compressor. According to the obtained results the designer has to apply on the first stage of compressor (in the 
pressure valve) the lock plates with the next sizes for the “neck”:  b=6 mm, c=5 mm, L=23 mm.  
As Fig.2 shows, the new recommendations help us to decrease the maximum strains approximately in 1.5 times 
than it is in a traditional design. This diminution takes place during the one working cycle. The common number of 
oscillations for plate will be decreased from three to two. It permits us to enhance the reliability of our system 
essentially. Moreover we increase the productivity of this design because of the area of the section passage for the 
valve became more considerable. 
 
Fig. 2. Maximum strains (a) which takes place in the plate sections; the displacements of the end of plate  
(b) for the typical/standard version and for the suggested one 
3. Conclusion 
The numerical experiment to the definite stage of machine with the new developed mathematical method helps to 
calculate the optimum geometry sizes for the “neck” of plate. Such parameters give the best technical characteristics 
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to the working process of compressor in the plan of reliability and durability. There is also the option to include a 
subheading within the Appendix if you wish. 
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